Suppression of c-Cbl tyrosine phosphorylation inhibits neointimal formation in balloon-injured rat arteries.
c-Cbl, a ubiquitously expressed protooncogene, is tyrosine phosphorylated in response to a variety of stimuli, including growth factors such as platelet-derived growth factor (PDGF), and consequently activates signaling proteins such as phosphatidylinositol-3 kinase (PI3K) and Akt. In the present study, we examined the role of c-Cbl tyrosine phosphorylation in vascular injury. Western blotting showed that the tyrosine phosphorylation of c-Cbl was increased in balloon-injured rat carotid arteries and in cultured smooth muscle cells on stimulation by PDGF-BB, followed by the activations of Akt and the mammalian target of rapamycin. Adenovirus-mediated overexpression of a c-Cbl mutant that ablates the major tyrosine phosphorylation sites attenuated the Akt and the mammalian target of rapamycin activation and decreased the proliferation and migration of smooth muscle cells in response to PDGF-BB or fibroblast growth factor. These effects could be reversed by constitutively active PI3K or Akt, suggesting that c-Cbl phosphorylation promotes the PDGF-BB-induced proliferation and migration of smooth muscle cells through the PI3K/Akt pathways. In addition, overexpression of c-Cbl-m increased the ubiquitination of the PDGF and fibroblast growth factor receptors. Importantly, in balloon-injured rat carotid arteries, local delivery of c-Cbl-m reduced the phosphorylation of Akt and the mammalian target of rapamycin, inhibited the migration and proliferation of smooth muscle cells, and prevented neointimal hyperplasia. Our results demonstrate a novel role of c-Cbl in vascular remodeling after injury and suggest that modulation of c-Cbl tyrosine phosphorylation may be a therapeutic approach to treat vascular neointimal hyperplasia such as restenosis after angioplasty.